What must be done to get credit for the quantities of carbon dioxide unavoidably stored in association with carbon dioxide enhanced oil recovery (CO 2 -EOR)? This presentation will explore that question with particular emphasis on several recent developments occurring in December 2015 that will directly affect the answers to that question in the context of the United States Environmental Protection Agency's (EPA's) regulatory scheme for controlling greenhouse gas (GHG) emissions. In 2015 EPA finalized a foundational regulatory framework for controlling GHG emissions from both new and existing fossil-fuelled electric utility generating units. In doing so, EPA conditioned the use of CCS on quantifying stored carbon dioxide through reporting under subpart RR of the part 98 GHG reporting requirements, the reporting approach developed primarily for geological sequestration in saline formations. And subpart RR reporting would be required regardless of whether carbon dioxide storage is achieved through geologic sequestration or in association with carbon dioxide enhanced oil recovery (CO 2 -EOR). Numerous concerns were raised in comments on the proposed rules and in response to the final rules about the ability for EOR operations to comply with the reporting requirements of subpart RR, and from 2010 until 2015 no one reported under subpart RR because all of the projects injecting carbon dioxide into saline formations had qualified for research exemptions, and no EOR operations had voluntarily opted to report under subpart RR rather than under subparts W and UU.
uncertainties surrounding the use of subpart RR reporting for storage associated with CO 2 -EOR, and the decision indicates significant flexibility to adapt parts of subpart RR requirements to a substantially different context than saline formation geologic storage. Yet other questions that have been raised remain unanswered in any direct way. And these uncertainties may bar the way to effective implementation of EPA's requirements for existing electric utility generating units. EPA is being called upon to show how the reporting can be achieved without disrupting the EOR operations through clarifications, guidance, policy revisions, or decisions or, alternatively, to remove the hurdles through regulatory actions. This presentation will explain the significant developments in reporting and in regulatory petitions that occurred at the end of 2015 and assess how this affects the viability of CCUS that relies on storage associated with CO 2 -EOR. It will also survey the potential effects of other developments in the implementation of other CO 2 storage quantification and reporting regimes at the subnational, national and international levels in comparison with the requirements being implemented by EPA at the federal level.
Introduction
On October 23, 2015, the U.S. Environmental Protection Agency (EPA) published final rules governing carbon dioxide (CO 2 ) emissions from affected electricity generating units (EGUs) for both "existing" and "new" facilities. [5, 6] EPA sought to justify its rules not only as a means of reducing greenhouse gas (GHG) emissions, but also as encouragement for the use of carbon capture utilization and storage (CCUS) in the form of increased use of anthropogenic CO2 for enhanced oil recovery (EOR). Yet there has been a perception that the details of EPA's rules created hurdles and disincentives to the use of captured anthropogenic CO 2 for EOR. When EPA proposed its new source performance standards for affected EGUs, EPA proposed an approach under which affected new coal-fired EGUs could achieve compliance only by having operators of EOR projects comply with the GHG reporting requirements that are mandatory for geologic storage (GS) projects injecting CO 2 underground into non-hydrocarbon producing reservoirs. Although EPA did not propose the same requirement for affected existing EGUs, it effectively imposed that requirement in its final rule for those existing sources. The concerns expressed about the potential negative impacts of these final rules reflected both uncertainties about how the GHG reporting requirements for GS operations would be applied to CO 2 stored in association with EOR operations and apprehensions about the potential unintended consequences of trying to apply a rule developed for GS projects to the very different context of EOR operations. As explained in this analysis, EPA actions within the past twelve months have addressed some of the uncertainties by finding unexpected flexibility to adapt the GS reporting rule to an EOR project, but concerns remain about the inability to deal with issues for some EOR operators that are simply absent from straight GS projects.
Role of CCUS in greenhouse gas mitigation
One mainstay of EPA's justification for its proposed new source performance standards (NSPS) for new fossil fueled electric utility generating units (EGUs) was that "EPA expects that for the immediate future, captured CO 2 from affected units will be injected underground for geologic sequestration at sites where EOR is occurring." All four of the planned facilities on which EPA relied as a basis for its proposed standard were planning to send CO 2 streams for EOR. Unquestionably, geologic sequestration of CO 2 streams occurs in EOR operations using injection wells permitted under Class II of the underground injection control (UIC) program just as surely as it would in wells operating under Class VI. Yet EPA's NSPS has been criticized for imposing unworkable requirements on EOR operators who accept anthropogenic CO 2 from fossil fueled EGUs seeking to comply with the proposed emission reductions. To comply with the NSPS, EGU operators would need to send the captured CO 2 stream to EOR operators who commit to complying with the otherwise voluntary requirements of subpart RR. Reporting under subpart RR is mandatory for operators of Class VI GS wells but is voluntary for operators of Class II wells injecting CO 2 for EOR. The NSPS is seen as changing this by imposing new requirements on EOR operators receiving anthropogenic CO 2 from coal-fired EGUs. EPA acknowledged: "The practical impact of our proposal would be that owners and operators of projects injecting CO 2 underground that are permitted under UIC Class II and that receive CO 2 captured from EGUs to meet the proposed performance standard will also be required to submit and receive approval of a subpart RR MRV plan and report under subpart RR."
Wells injecting carbon dioxide
Injection wells used to inject CO 2 for GS are regulated and permitted under Class VI of the underground injection control (UIC) regulations, while wells used to inject CO 2 for the purpose of EOR are regulated under Class II along with wells used to inject liquid hydrocarbons for storage or to inject produced fluids and other qualified biproducts of hydrocarbon production operations. The major difference between GS operations and CO 2 EOR operations is that GS operations are being conducted for the sole purpose of storing CO 2 , while EOR operations are being conducted for the purpose of producing hydrocarbons by a method that inherently results in the storage of large quantities of CO 2 . This means that EOR operations fall within the purview of an extensive existing regulatory regime built up over more than a century of experience in an industry that is highly regulated, and the relevant statutes, regulations and legal precedents address not only the physical aspects of the land and geological context within which operations are conducted, but also the complex interrelationships of land ownership, mineral rights, and other legal rights that relate to oil and gas exploration and production. In some countries, ownership rights are simplified by predominantly national ownership of the hydrocarbons and related physical context, but oil and gas law is predominated by private property rights in the US.
Greenhouse gas reporting for CO 2 injection
Under EPA's GHG reporting rules, GS operators holding a Class VI well permit under the UIC regulations [4] are required to comply with subpart RR which covers annual reporting of all emissions of CO 2 from the project as well as the annual quantification of CO 2 stored (or "sequestered," the term used in the text of the rule). All operators of petroleum and natural gas systems must report all emissions of GHGs from their production operations, including operators that use CO 2 for EOR, under subpart W of the mandatory GHG reporting rules.
[11] In addition, anyone injecting CO 2 for EOR or any other purpose that does not report under subpart RR must report the mass of CO 2 received for injection (unless that mass is consistently below specified minimum levels). All suppliers of CO 2 must report under subpart PP. [11] The subpart RR mandatory GHG reporting requirements were developed to address GS operations and applied to CO 2 EOR operations on a "voluntary basis" by focusing internally on the concern of providing a comparable assurance of long-term containment of the stored CO 2 . There was no comprehensive effort to address the potential external consequences of the subpart RR requirements on the existing web of legal requirements, rights and obligations associated with oil and gas production operations apart from providing an identified, but not fully defined, flexibility to adapt the reporting requirements and related obligations to the context of individual projects. Developments during the past year have shed some light on the capability of the subpart RR regulatory regime to adapt and on continuing concerns over the externalities.
Beginning of subpart RR reporting
From 2010 until 2015 no one reported under subpart RR because all of the GS projects injecting carbon dioxide into saline formations had qualified for research exemptions, and no EOR operations had voluntarily opted to report under subpart RR rather than under subparts W and UU. As 2015 came to a close, efforts were launched to get EPA to show that the hurdles to quantifying and reporting for carbon dioxide stored in association with CO 2 EOR can be surmounted or to remove those hurdles. On December 22, 2015 EPA approved the first ever use of subpart RR reporting for a CO 2 -EOR operation by approving a monitoring, reporting and verification (MRV) plan submitted by Occidental Petroleum for the Denver Unit in the Permian Basin of West Texas. [8] In so doing, EPA provided some clarity about how a number of concerns and uncertainties surrounding the use of subpart RR reporting for storage associated with CO 2 -EOR, and the decision indicates significant flexibility to adapt parts of subpart RR requirements to a substantially different context than saline formation geologic storage. Yet other questions that have been raised remain unanswered in any direct way. And these remaining uncertainties may bar the way to effective widespread implementation of EPA's requirements for existing EGUs. From different directions, EPA is being called upon to show how the reporting can be achieved without disrupting EOR operations through clarifications, guidance, policy revisions, or decisions or, alternatively, to remove the hurdles through regulatory actions.
Concerns over reporting requirements for EOR
Some EOR operators responded to the proposed and final EGU rules with indications that they will have the effect of precluding the use of anthropogenic carbon dioxide from EGUs. [10] The problem they cite is that compliance with subpart RR is not merely a reporting obligation. Subpart RR imposes undefined and open-ended operational requirements through the need to obtain approval of a monitoring, reporting, and verification (MRV) plan under 40 C.F.R. §98.448. There is no deadline for EPA approval, meaning that there could be long delays in the approval process. Any material change, such as the drilling of a new well not identified in the original plan (which could be a routine occurrence in many EOR operations), would trigger a requirement to commence the review and approval process over again. All decisions are open to litigation by any "interested person" under Part 78 litigation procedures. Because of these complications it would be very difficult, especially prior to closing financing to allow construction to begin, for the developer of a new power plant seeking to comply through carbon capture and storage to obtain a commitment from an EOR operator to become subject to the then undefined and open-ended requirements of subpart RR that may extend decades into the future.
In addition, these EOR operators explain that the underlying mineral leases pursuant to which EOR operators are authorized to conduct oil recovery operations are granted for the purpose of hydrocarbon recovery and do not authorize the lessee to convert the owners' property into a "waste disposal" site. The leases are held by production of the oil or gas. Hence, following completion of oil or gas operations, the leases will come to an end and the property will revert to the owner. EOR operators explain that it is fundamentally inconsistent with the nature of these underlying property rights to convert a hydrocarbon recovery operation into a "waste disposal" site -yet that appears to be what is contemplated by subpart RR.
These expressions of concern reflected the fact that there were many uncertainties accompanying the new regulations, including whether the subpart RR compliance would constitute waste disposal that would be fundamentally inconsistent with the legal framework governing EOR operations and whether this reporting is duplicative of other required reporting under 40 CFR part 98. In its NSPS proposal, EPA "emphasizes" that "today's proposal does not involve regulation of any downstream recipients of captured CO 2 . That is, the regulatory standard applies exclusively to the emitting EGU, not to any downstream user or recipient of the captured CO 2 (whether the captured CO 2 is sold for EOR or otherwise sequestered underground)." In light of the final requirements that statement is perceived to be untrue by some EOR operators. Because EPA would not credit an EGU operator with compliance unless the downstream EOR operator reports under subpart RR when the EOR operator is not otherwise required to report under those provisions, it is perceived that the rule effectively regulates the downstream recipient of captured CO 2 in contradiction of EPA's claim. They question whether EPA has the authority under CAA section 111(b) to do that and, if so, whether EPA followed the appropriate administrative procedures to adopt its requirements; they have joined with the numerous other legal challenges to EPA's final rules for EGUs to press those claims in court. [10] The alternative recommendation is for EPA to modify its proposal to allow EGU operators to direct captured CO 2 streams to EOR operators who comply with subpart W and subpart UU reporting, which is already required, has been successfully implemented by the agency and the reporting community for a number of years, and imposes no new mandatory requirement on the EOR operators. They observe that EPA's Class II permitting program for CO 2 injection wells is already designed to fully protect underground sources of drinking water from endangerment and is the regulatory framework for tens of thousands of existing active Class II wells, CO 2 supplies to which are regularly reported under Subpart UU. Under this proposed alternative, emissions reported under subpart W would be subtracted proportionately from total CO 2 received from the EGU source, which must report the total CO 2 sent under subpart PP. Taking this approach would allow EOR operators to incorporate supplies of anthropogenic CO 2 into the supply portfolio if, as, and when such anthropogenic CO 2 may become available without subjecting them to a regulatory regime that might interfere with their contractual obligations.
The significant point is that, while EPA chose to create a regulatory framework that is based on CCUS and is intended to encourage the use of CCUS, there is a perception that the Agency is creating hurdles and disincentives to the use of captured CO 2 for EOR.
Defining the monitoring area and strategy
The subpart RR definition of the Maximum Monitoring Area (MMA) and the requirement to include a buffer zone of one-half mile around the projected carbon dioxide plume that is included in that definition and in other provisions of Subpart RR raised concerns. In some cases monitoring much further away than one-half mile may be necessary while in other cases little or no 'buffer zone" may be appropriate. Clarity was sought on how this concept of a MMA relates to the approach to identifying monitoring schemes for UIC permitting and about the potential addition of many square miles of monitoring and reporting requirements that would apply outside of the area required to be addressed for monitoring and the area of review under a GS UIC permit. Questions were raised about establishing any "maximum" monitoring area being arbitrary given that monitoring plans ought to be driven by sitespecific risks and conditions.
In response, EPA has clarified how the GS GHG Reporting rule requirements for the identification of Maximum Monitoring Area (MMA) and Active Monitoring Areas (AMAs), both of which include the use of one-half mile buffer areas, relate to the delineation of the Area of Review under the GS UIC rule. EPA explained that Subpart RR is focused primarily on the CO 2 plume because it is concerned with the potential for leakage of CO 2 to the atmosphere whereas the GS UIC rule is concerned with potential endangerment of underground sources of drinking water (USDWs) and focuses on both the CO 2 plume and the pressure front. The assumption is that the Subpart RR MMA will be smaller than the UIC Class VI area of review (AoR) in almost all cases.
EPA further explained that the MMA is primarily intended to be a long-range planning tool used to determine where the owner or operator of a GS project will conduct the assessment to identify all potential surface leakage pathways that might need to be addressed through the Monitoring, Reporting and Verification (MRV) plan. The buffer zone was included primarily as a recognition that leakage pathways for CO 2 migration toward the atmosphere might not be directly vertical and should be considered even if extending outside of the area directly above the CO 2 plume. That provision, along with the requirement for MMAs to address an area even greater than the "buffer zone of one-half mile . . . if known leakage pathways extend laterally more than one-half mile," are both intended to ensure that the MRV plan addresses all potential leakage pathways all of the way to potential atmospheric release points. EPA clarified that the MRV plan should be site-specific and should provide for the consideration of monitoring that addresses any potential surface leakage pathways. Further, the MRV plan could provide for the specific monitoring methods to be used in any portion of the MMA or AMAs and that these methods should be designed on a site-specific basis to address the specific types of potential surface leakage pathways identified as the result of the site characterization and any area of review delineation steps. Thus, the MRV plan should be designed to use a strategy and monitoring methods on a site-specific basis to address the specific circumstances of each GS project. Subpart RR does not require the use of an particular monitoring methods. EPA noted that the Rule was intended to allow flexibility to identify and assess the risks and to modify the plan as appropriate for changes over time. The primary concern is the identification of surface leakage pathways, assessment of the risks of surface leakage through these pathways, and tailoring of the MRV plan to detect and quantify potential surface leakage.
When to discontinue subpart RR reporting
Oddly, the subpart RR definition of MMA contains the word "stabilized" that had been deleted from the GS UIC rule partly in response to a multi-stakeholder discussion (MSD) group recommendation that it be replaced. EPA's response to the MSD comments on this point stated that "EPA has added the additional criteria in (D) to ensure that the reporter may only discontinue reporting when they can demonstrate through monitoring and modeling that the injected CO 2 is not expected to migrate in the future in a manner likely to result in surface leakage." This formulation was considered a better criterion than "stabilized" which was not defined in either the rule or the preamble. In fact, the only place the word "stabilized" appears in the final Federal Register notice is in the definition of MMA itself. [3] Accordingly, EPA was asked to clarify that this term can be interpreted in a manner that is consistent with the closure standards of UIC Class VI.
In response, EPA confirmed that a request for discontinuation of Subpart RR reporting for non-Class VI wells (and as an alternative for Class VI wells, who may submit a copy of the UIC Director's authorization of site closure) requires "a demonstration that current monitoring and model(s) show that the injected CO 2 stream is not expected to migrate in the future in a manner likely to result in surface leakage." EPA explained that the term "stabilized" had only been used in the definition of "Maximum Monitoring Area" and was only intended as a short-hand reference to aid the reporter in refining what time period the computational model should encompass for defining the Maximum Monitoring Area. EPA noted the use of the word "stabilized" in this context was not intended to imply that a complete cessation in movement of injected or formation fluids in the injection zone of a GS project was necessary in order to discontinue Subpart RR reporting. It was not intended to modify the authorization to discontinue Subpart RR reporting upon a "demonstration that current monitoring and model(s) show that the injected CO 2 stream is not expected to migrate in the future in a manner likely to result in surface leakage."
Reporting for a "specified period"
In obtaining approval of the first subpart RR MRV, Occidental Permian Ltd. (Oxy) expresses its intention "to inject CO 2 with a subsidiary purpose of establishing long-term containment of a measureable quantity of CO 2 in subsurface geological formations at the Denver Unit for an estimated period of ten years, the 'Specified Period,'" which was identified as including "all or some portion of the period 2016 through 2026." [8] Oxy noted in the MRV plan that this period "will be substantially shorter than the period of production from the Denver Unit . . . [which] is expected to continue for roughly five decades after the Specified Period ends." Consistent with t subpart RR, Oxy plans to "submit a request for discontinuation of reporting when Oxy can provide a demonstration that current monitoring and model(s) show that the cumulative mass of CO 2 reported as sequestered during the Specified Period is not expected to migrate in the future in a manner likely to result in surface leakage, 'something Oxy expects will be possible "within 2-3 years after injection for the Specified Period ceases." [9] EPA approved this approach as complying with subpart RR even though "40 CFR 98.441(b) (1) states that 'the owner or operator of a facility may submit a request to discontinue reporting any time after the well or group of wells is plugged and abandoned in accordance with applicable requirements.'" EPA explained that, "because the word 'may' is used in the regulation, Oxy is allowed to submit a request prior to the wells being plugged and abandoned." [8] Here, EPA found unexpected flexibility to discontinue reporting before an EOR project is terminated, a proposition that had raised serious concerns. [10] Even this flexibility is not likely to be sufficient to answer concerns about having subpart RR reporting as a condition for EGU compliance with EPA's rules. If all of the EOR projects to which an EGU is sending CO 2 will continue to operate beyond the lifetime of the EGU, then there might be hope of avoiding this particular complication by discontinuing subpart RR reporting well in advance of terminating the EOR projects. But that would not address a number of other concerns raised about the incompatibility of subpart RR reporting with operating an EOR project. Notably, the Oxy Denver Unit operations do not involve CO 2 captured by an EGU or the time constraints that might be imposed by such an association. Nevertheless, EPA found unexpected flexibility and suggested a willingness to accommodate some of the circumstances of an EOR operation.
New well construction
EPA appears to have found unexpected flexibility to address another concern expressed about subpart RR requirements, one that relates to the language indicating the potential need to revise an MRV plan whenever there is "the construction of new injection wells not identified in the MRV plan." The rule language appeared to consider the addition of any new well a material change in operations that would require a new round of MRV plan revision, approval and possible appeal. Adding a new well to a project that is exclusively a GS project might conceivably be considered a material change, but the same cannot be said for the construction of a new well in an EOR project, where typically more wells will be used not because of capacity requirements but to achieve the flood dynamics needed to optimize hydrocarbon recovery. Not only will new wells be added, but the operating status of existing wells will be switched back and forth between injection and withdrawal to achieve proper flood management. Moreover, the active EOR flood management and the monitoring integral to that management are different from a GS project because each of the multiple injection and production wells constitutes a monitoring and management point. Without saying this explicitly, EPA appears to have accepted these factors by relying for new well construction and monitoring on:
 rigorous review of nearby wells to ensure that drilling will not cause expensive damage in or interfere with existing wells;  AoR requirements under the UIC Class II program, which require identification of all active and abandoned wells;  reviewing the site's records, including the Texas Railroad Commission's records;  implementation of procedures that ensure the integrity of those wells when applying for a permit for any new injection well;  use of new wells as an integral part of the monitoring activities designed to detect leaks.
The approved MRV plan essentially addressed this issue by relying on compliance with the existing oil and gas regulatory regime and established practices to detect and ensure against potential leakage. EPA's approval of the plan is noteworthy as an implicit acknowledgement that standard practices for EOR flood management and monitoring can be sufficient to satisfy the requisite requirements for establishing long-term containment of CO 2 in subsurface geological formations.
Potential conflicts with oil and gas law and mineral property rights
EPA's clarifications of subpart RR requirements and its application of those requirements in the approval of one particular MRV plan for an EOR operation have provided some indications that subpart RR may be more workable than feared in the EOR context. That same approval provides apparent confirmation that standard practices within the existing regulatory regimes for EOR operations should be sufficient to confirm that CO 2 is stored effectively in association with CO 2 EOR. What remains to be shown is that subpart RR reporting will not conflict with the web of oil and gas laws, regulations, rights and obligations in more complex circumstances that exist already or are likely to exist under compliance regimes involving new and existing EGUs and other potential suppliers of anthropogenic CO 2 . There are several different ways EPA can respond to these concerns that have been placed squarely before the Agency. [10] As discussed here, some clarity can be provided through policy statements and other administrative actions, but there may also need to be changes to regulatory provisions to accommodate the needs of EOR operators. As EPA has noted, EOR operators hold a key position on the road to near term CCUS deployment.
